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1. I n t r o d u c t i o n 

In 1918, Har low Shapley first n o t e d t h a t g lobular c lus ters were c o n c e n t r a t e d 

t o w a r d t h e cons te l l a t ion of Sag i t t a r i u s , a n d hence t h e Sun was no t nea r t h e 

c e n t e r of t h e Milky Way. Since t h a t t i m e a s t r o n o m e r s have e x p e n d e d con-

s iderab le effort t o d e t e r m i n e t h e d i s t ance t o t h e center of t h e Milky Way , 

b e c a u s e a n y c h a n g e in t h e va lue of th is d i s t ance , i?o, ha s a w idesp read im-

p a c t on a s t r o n o m y a n d a s t rophys ic s . Beg inn ing in 1991, we h a v e c o n d u c t e d 

obse rva t i ons w i t h t h e V L B A designed t o m a k e possible a p r o g r a m t o mea -

su re t h e d i s t a n c e t o t h e Ga lac t i c C e n t e r v ia a t r i gonome t r i c p a r a l l a x . T h i s 

could b e accompl i shed w i t h t h e V L B A us ing Sgr A * as a p h a s e reference 

for one or m o r e (weaker ) c o m p a c t ex t r aga l ac t i c sources . A t i m e series of 

m e a s u r e m e n t s of t h e pos i t ion of Sgr A* re la t ive t o an ex t r aga l ac t i c source 

shou ld show t h e effects of t h e a n n u a l « ± 0 . 1 2 m a s s igna tu re of t h e E a r t h ' s 

o rb i t a r o u n d t h e Sun ( t r i gonome t r i c p a r a l l a x ) , as well as t h e « 6 m a s y r - 1 

secular m o t i o n caused by t h e Sun ' s orb i t a r o u n d t h e Ga lac t i c C e n t e r . 
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2 . R e c e n t P r o g r e s s 

W e h a v e achieved t h e following mi les tones necessary for th i s e x p e r i m e n t t o 

b e successful: 

• F o u n d 2 q u a s a r s (1748-291 a n d 1745-283) s t rong a n d c o m p a c t e n o u g h 

a t 43 G H z t o serve as b a c k g r o u n d pos i t ion references for Sgr A*. T h e s e 

q u a s a r s h a v e n o discernible s t r u c t u r e in our 1 m a s b e a m a n d a re wi th in 0.7 

degrees of Sgr A* . 

• E s t a b l i s h e d a n o p t i m u m observ ing s t r a t eg y of swi tch ing a m o n g t h e 

q u a s a r s a n d Sgr A * every 15 seconds . T h i s swi tch ing is r ap id enough t o 

al low p h a s e referencing while m a i n t a i n i n g a 50% on-source d u t y cycle . 

E x t r e m e l y r a p i d swi tch ing is necessary because of t h e low source eleva-

t ions ( « 20°) a n d h igh obse rv ing frequency (43 G H z - c h o s e n t o avoid over-

resolv ing Sgr A * which is ex t r eme ly sca t t e r b r o a d e n e d ) . 

• D e t e r m i n e d t h a t t h e l imi t ing source of sy s t ema t i c e r ror is t h e large-

scale a t m o s p h e r i c m o d e l . W e cu r ren t ly have unce r t a in t i e s of « 1 cm in t h e 

ve r t i ca l a t m o s p h e r i c p a t h - l e n g t h p a r a m e t e r s , which can be shown t o l imi t 

ou r re la t ive a s t r o m e t r i c accu racy t o a few t e n t h s of a m a s . 

• D e m o n s t r a t e d 0.1 a n d 0.3 m a s re la t ive pos i t iona l accuracy in t h e Eas t -

W e s t a n d N o r t h - S o u t h d i rec t ion , respect ively, based on obse rva t ions m a d e 

a b o u t 10 d a y s a p a r t . T h i s h a s al lowed us t o m e a s u r e t h e an g u l a r r o t a t i o n 

r a t e of t h e Sun a r o u n d t h e Ga lac t i c C e n t e r w i t h a b o u t an 8% u n c e r t a i n t y 

over a t i m e s p a n of only 1 year . 

W i t h ou r c u r r e n t a s t r o m e t r i c accuracy , we could d e t e r m i n e t h e angu-

lar r o t a t i o n of t h e Sun a r o u n d t h e Ga lac t i c C e n t e r t o a b o u t 1% wi th in a 

few years ! T h i s would p rov ide a di rect m e a s u r e m e n t of O o r t ' s c o n s t a n t s , 

p r o v i d e d only t h a t t h e Milky W a y has a flat r o t a t i o n curve . W e h o p e t o 

e s t ab l i sh a new level of a s t r o m e t r i c precision for Sgr A* w i t h t h e V L B A 

a n d achieve a r e l a t ive pos i t iona l accuracy of 0.03 m a s across 0.7 degrees on 

t h e sky. A p p r o x i m a t e l y 25 epochs of obse rva t ions spaced over a few yea r s 

wou ld suffice t o m e a s u r e t h e d i s t ance t o t h e Ga lac t i c C e n t e r w i t h a 5% 

u n c e r t a i n t y . 

F ina l ly , ou r obse rva t ions can p u t s t r i ngen t l imi t s , or p e r h a p s d e t e c t , any 

pecu l i a r m o t i o n of Sgr A * ( b e y o n d t h a t expec t ed from our m o v i n g v a n t a g e 

p o i n t a t t h e S u n ) . If Sgr A * is a very mass ive (e.g. , > 1 0 6 M 0 ) b lack hole a t 

t h e d y n a m i c a l c en t e r of t h e Ga laxy , one would expec t a pecul ia r m o t i o n of 

o r d e r 1 k m s - 1 , owing t o g r a v i t a t i o n a l p e r t u r b a t i o n s from close e n c o u n t e r s 

w i t h mass ive s t a r s in t h e cen t ra l s t a r c lus ter . However , were Sgr A * t o b e 

a lower m a s s s y s t e m , c o m m e n s u r a t e with i ts m o d e s t t o t a l luminos i ty , i t 

wou ld b e e x p e c t e d t o have a significant pecul ia r m o t i o n . 
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